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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to hemostatic wound dressings, more specifically, a flexible hemostatic patch 
comprising a knitted fabric of oxidized cellulose and a porous water-soluble or water-swell able polymeric matrix, and to 
a process of making such fabrics and wound dressings. 

BACKGROUND OF THE INVENTION 

10 

[0002] The control of bleeding is essential and critical in surgical procedures to minimize blood loss, postsurgical 
complication and to shorten the duration of the surgery in the operation room. Oxidized cellulose, due to its bioresorable, 
bactericidal and hemostatic properties, has long been used as a topical hemostatic wound dressing in a variety of surgical 
procedures, including neurosurgery, abdominal surgery, cardiovascular surgery, thoracic surgery, head and neck sur- 
fs gery, pelvic surgery, and skin and subcutaneous tissue procedures. Examples of hemostatic oxidized regenerated 
cellulose absorbable hemostats commercially available include Surgicel® absorbable hemostat, a knitted fabric of oxi- 
dized regenerated cellulose (ORC), Surgicel Nu-Knit® absorbable hemostat, a dense ORC fabric and Surgicel® Fibrillar 
absorbable hemostat, mircrofibrils of ORC, all available from Johnson & Johnson Wound Management Worldwide, a 
division of Ethicon, Inc., Somerville, New Jersey, a Johnson & Johnson Company. US 2 91 4 444 discloses fibrous cloth 
20 of ORC impregnated with carboxymethylcellulose. 

[0003] Although the absorbency of body fluid and the hemostatic action of currently available oxidized cellulose he- 
mostats are adequate for applications where mild to moderate bleeding is encountered, they are not known to be effective 
to prevent or stop severe bleeding where a relatively high volume of blood is lost at a relatively high rate. In such instances, 
e.g. arterial puncture, liver resection, blunt liver trauma, blunt spleen trauma, aortic aneurysm, bleeding from patients 
25 with over-anticoagulation, or patients with coagulopathies, such as hemophilia, etc., a higher degree of hemostasis is 
required quickly. 

[0004] In an effort to achieve enhanced hemostatic properties additional chemical moieties, such as calcium, or bio- 
logics, such as fibrinogen, thrombin and fibrin, have been bound to oxidized cellulose fabrics. These biologies-bound 
combination products require the use of proteins derived from human or animal blood or tissue. This imposes a risk of 

30 blood-borne pathogen or zoonotic disease transmission by the products. Hemostatic wound dressings containing he- 
mostatic agents are known. Woven or nonwoven fibrous materials are prepared by coating the materials with solutions 
containing ammonium salts of cellulose derivatives, e.g. free acid cellulose glycolic acid ether and free acid hydroxy- 
proprionic acid ether. The coated material then is dried and preferably heated at elevated temperatures, e.g. 1 75-350° C, 
to obtain surgical dressings having insoluble hemostatic agent impregnant. 

35 [0005] Medical sealants and adhesives, such as cyanoacrylate-based medical adhesives, function as hemostats only 
in very slowly diffusing bleeding. Sealant systems, usually involving chemical cross-linking steps, are not effective 
hemostatic agents on actively oozing or severely bleeding wound sites. The mobility of liquid sealants also makes it 
hard to apply manual or digital compression to help achieve hemostasis. 

[0006] Currently available oxidized cellulose hemostats noted above are knitted fabrics having a porous structure. 
40 They exhibit good tensile and compressive strength and are flexible such that a physician can effectively place the 
hemostat in position and maneuver same during the particular procedure being performed. 

[0007] While the various noted hemostatic materials and agents are known for use with respect to providing hemostasis 
for low to normal bleeding, to date none of the noted hemostats, or combinations thereof, have been shown to be effective 
in providing hemostasis in cases of severe bleeding, e.g. high volume and high rate of bleeding. The present invention 
45 provides such a hemostat that provides hemostasis in cases of severe bleeding. 

SUMMARY OF THE INVENTION 

[0008] The present invention is directed to wound dressings comprising a fabric having a wound-contacting surface 
50 and atop surface opposing the wound-contacting surface, the fabric comprising biocompatible fibers and having flexibility, 
strength and porosity effective for use as a hemostat; and a porous, polymeric matrix applied at least to the wound- 
contacting surface of the fabric and dispersed at least partially through said fabric in an amount effective to provide and 
maintain hemostasis for severe bleeding, wherein the polymeric matrix comprises a biocompatible, water-soluble or 
water-swe liable polymer; and methods of making such wound dressings and fabrics. 

55 

BRIEF DESCRIPTION OF THE FIGURES 
[0009] 
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Figure 1 is an image produced by scanning electron microscopy (X75)of a cross section of a comparative wound 
dressing. 

Figure 2 is an image produced by scanning electron microscopy (X75) of the wound-contact surface of a comparative 
wound dressing. 

Figure 3 is an image produced by scanning electron microscopy (X75) of a cross section of a comparative wound 
dressing. 

Figure 4 is an image produced by scanning electron microscopy (X75) of the wound-contact surface of a comparative 
wound dressing. 

Figure 5 is an image produced by scanning electron microscopy (X75) of the top surface of a comparative wound 
dressing. 

Figure 6 is an image produced by scanning electron microscopy (X75) of a cross-section of a wound dressing of 
the present invention. 

Figure 7 is an image produced by scanning electron microscopy (X150) of a cross-section of a wound dressing of 
the present invention. 

Figure 8 is an image produced by scanning electron microscopy (X75) of the wound-contact surface of a wound 
dressing of the present invention. 

Figure 9 is an image produced by scanning electron microscopy (X75) of the top surface of a wound dressing of 
the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0010] The present invention is directed to hemostatic fabrics and wound dressings fabricated at least in part from 
such fabrics, each of which provides and maintains effective hemostasis in cases of severe bleeding, where a relatively 
high volume of blood is lost at a relatively high rate. Examples of severe bleeding include, without limitation, arterial 
puncture, liver resection, blunt liver trauma, blunt spleen trauma, aortic aneurysm, bleeding from patients with over- 
anticoagulation, or bleeding from patients with coagulopathies, such as hemophilia. The present invention allows a 
patient to ambulate quicker than the current standard of care following, e.g. a diagnostic or interventional endovascular 
procedure. 

[0011] Wound dressings of the present invention comprise a fabric having a wound-contacting surface and a top 
surface opposing the wound-contacting surface. The fabric comprises fibers and possesses physical properties suitable 
for use as a hemostat. Such properties include flexibility, strength and porosity. Dispersed at least on the wound contacting 
surface, and preferable through the fabric, is a porous polymeric matrix comprising a biocompatible, water-soluble or 
water-swellable polymer, in amounts effective to provide and maintain hemostasis in cases of severe bleeding. 
[0012] The fabrics utilized in the present invention may be woven or nonwoven, provided that the fabric possesses 
the physical properties necessary for hemostasis. A preferred woven fabric has dense and knitted structure that provides 
form and shape for the hemostat. 

[0013] The fibers comprise a biocompatible polymer. The fibers may be fabricated from any biocompatible polymer 
known for use in medical wound dressings. Such polymers include, without limitation, collagen, calcium alginate, chitin, 
polyester, polypropylene and cellulose. Preferred fibers comprise oxidized regenerated cellulose. 
[0014] In preferred embodiments of the present invention, the absorbable hemostatic fabrics comprising the porous 
polymeric matrix dispersed there through are warp knitted tricot fabrics constructed of bright rayon yarn which is sub- 
sequently oxidized by known techniques. The fabrics are characterized by having a single ply thickness of at least about 
0.5 mm, a density of at least about 0.03 g/cm 2 , air porosity of less than about 150 cm 3 /sec/cm 2 and liquid absorption 
capacity of at least about 3 times the dry weight of the fabric and at least about 0.1 g water per cm 2 of the fabric. 
[001 5] The knitted fabrics have good bulk without undue weight, are soft and drapable, conforming well to the config- 
uration of the surface to which they are applied. The fabric may be cut into suitable sizes without running or fraying along 
the cut edge. Fabric strength after oxidation is more than adequate for use as a surgical hemostat. 
[0016] Preferred hemostatic fabrics used in the present invention comprise oxidized cellulose and are best charac- 
terized by their physical properties of thickness, bulk, porosity and liquid absorption capacity as recited above. Suitable 
fabrics having these properties may be constructed by knitting 60 denier (67 dtex), 18-filament bright rayon yarn on a 
32-gauge machine at a knit quality of 12. A suitable tricot fabric construction is front-bar 1-0, 10-11; back-bar 2-3, 1-0. 
The extended shog movement imparted to the front bar results in a 188 inch (4.78 m) runner compared to a 70 inch 
(1 .78 m) runner for the back guide bar and increases the fabric bulk and density. The ratio of front to back bar runners 
in this particular construction is 1 :2.68. 

[001 7] Typical physical and hemostatic properties of preferred fabrics produced as described above are noted in Table 
1. 
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TABLE I 

Property 

Thickness (mm); 0.645 

Density (g/cm 2 ); 0.052 
Air Porosity (cm 3 /sec/cm 2 ); 62.8 

Tensile Strength( 1 )(md/cd)Kg; 1 .9/4.5 



Elongation^) (%); 

Absorption^) 
(g/g fabric); 
(g/cm 2 fabric); 

Hemostasis( 4 ) (min) 
1 ply; 



23/49 

3.88 
0.20 

5.7 ± 1.0 



2 ply; 5.6 ±1.8 

0) tensile strength determined at 2 in/min (50 
mm/min) extension md/cd = machine 
direction/cross direction. 

( 2 ) Elongation, machine direction/cross 
direction. 

( 3 ) Absorption based on weight of water 
absorbed by fabric. 

( 4 ) Hemostasis evaluation on incised porcine 
splenic wounds, time to stop bleeding. 



[0018] The tricot fabrics utilized in the present invention may be constructed from bright rayon yarns of from about 40 
to 80 total denier (44 to 89 total dtex). Each yarn may contain from 1 0 to 25 individual filaments, although each individual 
filament is preferably less than 5 denier (5.5 dtex) to avoid extended absorption times. The high bulk and fabric density 
are obtained by knitting at 28 gauge or finer, preferably at 32 gauge, with a fabric quality of about 10 or 12 (40 to 48 
courses per inch (1016 to 1219 courses per mm)). A long guide bar shog movement of at least 6 needle spaces, and 
preferably 8 to 12 spaces, further increases fabric thickness and density. 

[0019] Other warp knit tricot fabric constructions which produce equivalent physical properties may, of course, be 
utilized in the manufacture of the improved hemostatic fabrics and wound dressings of the present invention, and such 
constructions will be apparent to those skilled in the art. 

[0020] The polymer used to prepare fabrics and wound dressings of the present invention is a biocompatible, water- 
soluble or water-swellable polymer. The water-soluble or water-swellable polymer rapidly absorbs blood or other body 
fluids and forms a tacky or sticky gel adhered to tissue when placed in contact therewith. The fluid-absorbing polymer, 
when in a dry or concentrated state, interacts with body fluid through a hydration process. Once applied in a bleeding 
site, the polymer interacts with the water component in the blood via the hydration process. The hydration force provides 
an adhesive interaction that aids the hemostat adhere to the bleeding site. The adhesion creates a sealing layer between 
the hemostat and the bleeding site to stop the blood flow. 

[0021] Polymers useful in preparing fabrics and wound dressings of the present invention include, without limitation, 
polysaccharides, polymethacrylic acids, polyamines, polyimines, polyamides, polyesters, polyethers, polynucleotides, 
polynucleic acids, polypeptides, proteins, poly (alkylene oxide), polythioesters, polythioethers, polyvinyls and mixtures 
thereof. 

[0022] Polymers in preferred embodiments of the present invention comprise a water-soluble or water-swellable 
polysaccharide, preferably selected from the group consisting of methylcellulose, hydroxyalkyl cellulose, cellulose sulfate, 
water-soluble chitosan, salts of carboxymethyl cellulose, carboxymethyl cellulose (CMC), carboxyethyl cellulose, chitin, 
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carboxymethyl chitin, hyaluronic acid, salts of hyaluronic acid, alginate, alginic acid, propylene glycol alginate, glycogen, 
dextran, dextran sulfate, curdlan, pectin, pullulan, xanthan, chondroitin, chondroitin sulfates, carboxymethyl dextran, 
carboxymethyl chitosan, heparin, heparin sulfate, heparan, heparan sulfate, dermatan sulfate, keratan sulfate, carra- 
geenans, chitosan, starch, amylose, amylopectin and polyuronic acids including polymannuronic acid, polyglucuronic 

5 acid and polyguluronic acid. Most preferred is sodium carboxymethyl cellulose. 

[0023] The composite hemostat of the present invention remains very flexible, conforms to a bleeding site, and retains 
good tensile and compressive strength to withstand handling during application. The hemostat can be cut into different 
sizes and shapes to fit the surgical needs. It can be rolled up or packed into irregular anatomic areas. The fabric in a 
preferred embodiment is a knitted oxidized regenerated cellulose (ORC), such as Surgicel Nu-Knit® , available from 

to Ethicon, Inc., Somerville, New Jersey. 

[0024] As noted above, the wound dressing of the present invention must comprise a porous polymeric matrix dispersed 
at least partially there through in order to provide and maintain hemostasis in cases of severe bleeding. A preferred 
method of making the porous polymeric matrix is to contact the fabric with the appropriate amount of polymer solution, 
thereby dispersing the dissolved polymer through the fabric, flash-freeze the polymer and fabric, and then remove the 

15 solvent from the frozen structure under vacuum, i.e. lyophilization. Through this preferred lyophilization method, a fabric 
comprising a matrix of the water-soluble or water-swellable polymer and having microporous or nanoporous structure 
is obtained. The lyophilization condition is important to the novel porous structure in order to create a large surface area 
in the hemostat with which body fluids can interact. 

[0025] The features of such microporous structure can be controlled to suit a desired application by choosing the 
20 conditions to form the composite hemostat during lyophilization. To maximize the surface area of the porous matrix of 
the present invention, a preferred method is to quickly freeze the fabric/polymer construct at lower than 0°C, preferably 
at about -50 °C, and to remove the solvent under high vacuum. The porous matrix produced thereby provides a large 
fluid absorbing capacity to the hemostatic wound dressing. When the hemostatic wound dressing comes into contact 
with body fluid, a very large surface area of polymer is exposed to the fluid instantly. The hydration force of the hemostat 
25 and subsequent formation of a tacky gelatinous layer helps to create an adhesive interaction between the hemostat and 
the bleeding site. The microporous structure of the polymeric matrix also allows blood to quickly pass through the fabric 
surface before the hydration takes place. The formation of a gelatinous sheet on oxidized cellulose upon blood contact 
will enhance the sealing property of the water-soluble gelatinous layer, which is critical to fast hemostasis for moderate 
to severe bleeding. 

30 [0026] The fabric comprises polymer in an amount effective to provide and maintain hemostasis in cases of severe 
bleeding. If the ratio of polymer to fabric is too low, the polymer does not provide an effective seal to physically block 
the bleeding. If the ratio is too high, the composite hemostat wound dressing will be too stiff or too brittle to conform to 
wound tissue in surgical applications. Such an excessive ratio will also prevent the blood from quickly passing through 
the fabric surface to form the gelatinous layer on oxidized cellulose that is critical for enhancing the sealing property. A 

35 preferred weight ratio of polymer to fabric is from about 1 :99 to about 15:85. A more preferred weight ratio of polymer 
to fabric is from about 3:97 to about 1 0:90. 

[0027] In certain embodiments of the present invention, the porous polymeric matrix is dispersed substantially homo- 
geneously on at least the wound-contacting surface of the fabric and through the fabric. In such cases, the fabric may 
be immersed in the polymer solution to provide homogeneous distribution throughout the fabric prior to lyophilization. 

40 in other embodiments, it is preferred that only the wound-contact surface of the hemostat sticks well to wet surfaces, 
while the physician handling side, or top surface of the fabric, does not. In such cases, the fabric may be partially 
immersed in the polymer solution so as to provide polymer at least on the wound-contact surface of the fabric. In this 
way, a gradient of polymer in the fabric is provided, whereby the fabric will comprise an effective amount of the lyophilized 
polymer adjacent the wound-contacting area, while the top surface of the fabric comprises little or no dispersed polymer 

45 and maintains ease of handling for the physician. 

[0028] The present invention is best exemplified in the figures prepared by scanning electron microscope. The samples 
were prepared by cutting 1 cm 2 sections by using a razor. Micrographs of both top surface and wound-contacting surfaces 
and cross-sections were prepared and mounted on carbon stubs using carbon paint. The samples were gold-sputtered 
and examined by scanning electron microscopy (SEM) under high vacuum at 4KV. 

50 [0029] Figure 1 is a cross-section view (75X) of uncoated ORC fibers 12 organized as fiber bundles 14 and knitted 
into fabric 10 according to preferred embodiments of the invention discussed herein above. One commercial example 
of such a fabric is Surgicel Nu-Knit® absorbable hemostatic wound dressing. 

[0030] Figure 2 is a view of the wound-contact surface of the fabric of Figure 1 . Individual fibers 1 2 are shown within 
a bundle. 

55 [0031 ] Figure 3 is a cross-section view of fabric 20 having wound-contact surface 22 and top surface 24 and that has 
been coated with a solution of sodium carboxymethyl cellulose (Na-CMC) and then air dried as in Example 6. Individual 
fibers 23 also are shown. 

[0032] Figure 4 is a view of wound-contact surface 22 of fabric 20. As observed therein, in the course of air drying, 



5 
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polymer 26 agglomerates and adheres to fibers 23, in many instances adhering fibers 23 one to the other and creating 
large voids 28 in the hemostatic fabric through which body fluids may pass. Polymer 26 dispersed on and through fabric 
20 is not in the state of a porous matrix and thus provides no hemostasis in cases of severe bleeding as described herein 
above due, at least in part, to a lack of sufficient porosity, e.g. surface area, to provide polymer/body fluid interaction 

5 effective to provide and maintain hemostasis in cases of severe bleeding. 

[0033] Figure 5 is a view of top surface 24 of fabric 20. As shown, top surface 24 contains a larger concentration of 
Na-CMC coating material as opposed to the wound-contact surface shown in Figure 4, obscuring most of fibers 23, 
although the knitting pattern could still be discerned. The coating was thick enough to span across all of the fibers and 
generate an intact layer 27 of its own, also shown in Figure 3. This layer appeared to be brittle, as cracks 29 in the 

10 coating were observed. The coating layer thickness varied from as thin as about 3 microns in some sections to about 
30-65 microns in other sections. 

[0034] In comparing the surface morphologies of wound-contact surface 22 and top surface 24 of fabric 20, it is 
apparent that wound-contact surface 22 contained significantly less Na-CMC. The coating was significantly thinner on 
the fibers than the coating on the top surface. While some Na-CMC was observed to span across some fibers, the 
15 coating was incomplete or had perforations present. The coating layer thickness, where present, did not exceed about 
2 microns. 

[0035] It is clear from Figures 3-5 that the fabrics prepared by air-drying do not contain a porous, polymeric matrix 
dispersed at least on the wound-contact surface and dispersed at least partially there through. As such, those fabrics 
do not provide and maintain hemostasis in cases of severe bleeding, as shown herein. In addition, such fabrics are 
20 brittle, stiff, do not conform to wound sites, are not handlable by physicians and generally are not suitable for use as 
wound dressings in cases of severe bleeding. 

[0036] Hemostatic fabrics according to the present invention are set forth in Figure 6-9. As shown in Figures 6 and 7, 
a porous polymer matrix is more uniformly distributed on wound-contact surface 32 and throughout fabric 30. Polymer 
36 forms a porous matrix integrated with the knitted fibers 33. The porous polymer matrix exhibits significant liquid 

25 absorption properties from capillary action in the same manner as a sponge. 

[0037] As shown in Figures 8 and 9, the matrix disposed on the relative surfaces contains countless pores, ranging 
from about two microns to as large as about 35 microns in diameter or greater. Figure 8 shows wound-contact surface 
32 of fabric 30. As noted, polymer 36 is present in the form of a porous matrix about fibers 33, thereby providing ample 
polymer surface area with which body fluids can interact upon contact therewith. Top surface 34 shown in Figure 9 also 

30 contains polymer 36 in the form of a porous matrix about fibers 33. 

[0038] It is clear from Figures 6-9 that fabrics and wound dressings of the present invention contain a porous polymeric 
matrix dispersed on the wound-contact surface and substantially homogeneously through the fabric. Due to the porous 
nature of the matrix, body fluids are permitted to pass into the matrix, where ample surface area of polymer is present 
to interact with the body fluids. This results in faster and a higher degree of hemostasis, particularly where bleeding is 

35 occurring at a high volume/rate. 

[0039] It also is clear from Figures 3-5 that comparative fabrics and wound dressings do not contain a porous polymeric 
matrix, either on a surface of the dressing or dispersed throughout the fabric. As a result, the amount of polymer present 
to interact with body fluids is significantly reduced. In addition, due to the formation of agglomerated polymer layers 
during air drying, body fluids are not permitted to pass freely into the wound dressing where they can interact with and 

40 bind to the dressing. Both of these characteristics results in less hemostasis, such that wound dressings of this construct 
do not provide and maintain hemostasis in cases of severe bleeding. Additionally, such fabrics were found to be brittle 
and stiff, such that placement within and conformance to a wound site by a physician is not acceptable. 
[0040] In certain embodiments of the invention, a drug or a combination of pharmaceutical agents can be incorporated 
into the hemostat. To fabricate such a hemostat, a drug or agent is first dissolved with a polymer in a solvent. The fabric 

45 is then coated with the polymer/drug solution, and the solvent is removed through lyophilization. Preferred drugs and 
agent include analgesics, anti-infective agents, antibiotics, adhesion preventive agents, procoagulants and wound healing 
growth factors. 

[0041] While the following examples demonstrate certain embodiments of the invention, they are not to be interpreted 
as limiting the scope of the invention, but rather as contributing to a complete description of the invention. 

50 

Example 1 : 

ORC/HEC porous patch preparation: 

55 [0042] One gram of hydroxyethyl cellulose (HEC, from Aldrich) was dissolved in 99 grams of deionized water. After 
complete dissolution of the polymer, 10 grams of the HEC solution was transferred into a crystallization dish with a 
diameter of 1 0 cm. A piece of Surgicel Nu-Knit® absorbable hemostat, based on oxidized regenerated cellulose (ORC), 
having a diameter of 9.8 cm (about 1 .3 gram) was placed on the HEC solution in the crystallization dish. After soaking 
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the fabric in the solution for 3 minutes, the wet fabric in the dish was then lyophilized overnight. A very flexible patch 
was formed. The patch was further dried at room temperature under vacuum. 

Example 2: 

5 

ORC/CS porous patch preparation 

[0043] One gram of cellulose sulfate (CS, from ACROS Organics) was dissolved in 99 grams of deionized water. After 
complete dissolution of the polymer, 1 0 grams of the CS solution was transferred into acrystallization dish with a diameter 
to of 1 0 cm. A piece of Surgicel Nu-Knit® fabric with a diameter of 9.8 cm (about 1 .3 gram) was placed on the CS solution 
in the crystallization dish. After soaking the fabric for 3 minutes, the wet fabric was then lyophilized overnight. A very 
flexible patch was formed. The patch was further dried at room temperature under vacuum. 

Example 3: 

15 

ORC/MC porous patch preparation 

[0044] One gram of methyl cellulose (MC, from Aldrich) was dissolved in 99 grams of deionized water. After complete 
dissolution of the polymer, 10 grams of the MC solution was transferred into a crystallization dish with a diameter of 10 
20 cm. A piece of Surgicel Nu-Knit® fabric with a diameter of 9.8 cm (about 1.3 gram) was placed on the MC solution in 
the crystallization dish. After soaking the fabric for 3 minutes, the wet fabric in the dish was then lyophilized overnight. 
A very flexible patch was formed. The patch was further dried at room temperature under vacuum. 

Example 4: 

25 

ORC/Water-Soluble chitosan (WS-CH) porous patch preparation 

[0045] One gram of WS-CH was dissolved in 99 grams of deionized water. After complete dissolution of the polymer, 
1 0 grams of the WS-CH solution was transferred into a crystallization dish with a diameter of 1 0 cm. A piece of Surgicel 
30 Nu-Knit® fabric with a diameter of 9.8 cm (about 1 .3 gram) was placed on WS-CH solution in the crystallization dish. 
After soaking the fabric for 3 minutes, the wet fabric in the dish was then lyophilized overnight. A very flexible patch was 
formed. The patch was further dried at room temperature under vacuum. 

Example 5: 

35 

ORC/Na-CMC porous patch preparation 

[0046] One gram of sodium salt of CMC (Na-CMC, from Aqualon) was dissolved in 99 grams of deionized water. After 
complete dissolution of the polymer, 10 grams of the Na-CMC solution was transferred into a crystallization dish with a 
40 diameter of 1 0 cm. A piece of Surgicel Nu-Knit® fabric with a diameter of 9.8 cm (about 1 .3 gram) was placed on the 
CMC solution in the crystallization dish. After soaking the fabric for 3 minutes, the wet fabric in the dish was then 
lyophilized overnight. A very flexible patch was formed. The patch was further dried at room temperature under vacuum. 

Comparative Example 6: 

45 

ORC/Na-CMC film preparation 

[0047] One gram of sodium salt of CMC (Na-CMC, from Aqualon) was dissolved in 99 grams of deionized water. After 
complete dissolution of the polymer, 10 grams of the Na-CMC solution was transferred into acrystallization dish with a 
50 diameter of 1 0 cm. A piece of Surgicel Nu-Knit® fabric with a diameter of 9.8 cm (about 1 .3 gram) was placed on the 
Na-CMC solution in the crystallization dish. The wet fabric in the dish was then air-dried overnight. A rigid and brittle 
patch was formed. The ORC/Na-CMC film was further dried at room temperature under vacuum. The film was not 
effective as a hemostat because it was too stiff and did not conform to the bleeding site well. 

55 
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Example 7: 

Na-CMC porous patch preparation 

[0048] One gram of sodium salt of CMC (Na-CMC, medium viscosity grade from Sigma) was dissolved in 99 grams 
of deionized water. After complete dissolution of the polymer, 60 grams of the Na-CMC solution was transferred into a 
crystallization dish with a diameter of 1 0 cm. The solution in the dish was then lyophilized overnight. A porous sponge 
was formed. The patch was further dried at room temperature under vacuum. 

Example 8: 

Hemostatic performance of different materials in porcine splenic incision model 

[0049] A porcine spleen incision model was used for hemostasis evaluation of different materials. The materials were 
cut into 2.5 cm X 1 .5 cm rectangles. A linear incision of 1 .5 cm with a depth of 0.3 cm was made with a surgical blade 
on a porcine spleen. After application of the test article, digital tamponade was applied to the incision for 2 minutes. The 
hemostasis was then evaluated. Additional applications of digital tamponade for 30 seconds each time were used until 
complete hemostasis was achieved. Fabrics failing to provide hemostasis within 12 minutes were considered to be 
failures. Table 1 lists the results of the evaluation. 



Table 1 Hemostatic performance of different materials 





Percent of test samples to achieve hemostasis within the time period 


Material 


0-2 (min) 


2-3 (min) 


3-4 (min) 


4-5 (min) 


5-6 (min) 


<12 (min) 


Surgicel Nu-Knit® fabric 


0% 


0% 


100% 








Example 1 patch 


1 00% 












Example 2 patch 


1 00% 












Example 3 patch 


1 00% 












Example 4 patch 


1 00% 












Example 5 patch 


1 00% 












Example 6 film 






50% 




50% 




Example 7 sponge 












0 


Surgical gauze 












0 



[0050] As indicated from the results, wound dressings prepared using lyophilization as the means for removing solvent 
improved hemostatic property of hemostatic fabrics, while the air-dried process failed to enhance the hemostatic property 
of hemostatic fabrics. Additionally, lyophilized Na-CMC sponge alone failed to achieve hemostasis. 

Example 9: 

Hemostatic performance of Example 5 (ORC/Na-CMC) in a porcine splenic arterial needle puncture model 

[0051] A puncture defect was made on a porcine splenic artery with an 18-gauge needle. After the needle was removed, 
severe bleeding was observed. A test article (2.5 cm X 2.5 cm) was applied over the puncture site. Digital pressure was 
applied over the test article for 2 minutes. The hemostatic performance was evaluated. The observations are listed in 
Table 2. 



Table 2 Comparison of Initial time to Hemostasis and Ability of Maintaining Hemostasis 



Material 


#of Digital Pressure 


Initial Time to Hemostasis 


Maintenance of Hemostasis 


Surgicel Nu-Knit® 


1 


<2 min 


Re-bleeding occurred after 4 min 


Example 5 Patch 


1 


<2 min 


No Re-bleeding occurred 
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Example 10: 

Hemostatic performance of different materials in a porcine splenic incision model with tamponade for 30 seconds 

[0052] A porcine spleen incision model was used for hemostasis evaluation of different materials. The materials were 
cut into 2.5 cm X 1 .5 cm rectangles. A linear incision of 1 .5 cm with a depth of 0.3 cm was made with a surgical blade 
on porcine spleen. After application of the test article, digital tamponade was applied to the incision for 30 seconds. The 
hemostasis evaluation was then performed. Additional applications of digital tamponade for 30 seconds each time were 
used until complete hemostasis was achieved. Table 3 lists the results of the evaluation. 



Table3 Hemostatic performance of different materials in asplenic incision model 



Material 


# of Digital Pressure 


Time to Hemostasis 


Surgicel Nu-Knit® 


5 


2 min 55 sec 


Example 5 Patch 


1 


<30 sec 



Example 1 1 : 

Hemostatic performance of different materials in a porcine splenic cross-hatch model 

[0053] A porcine spleen cross-hatch model was used for hemostasis evaluation of different materials. The materials 
were cut into 3 cm X 3 cm squares. A surgical defect (2 cm X 2 cm, 0.2 cm deep) was made with a surgical blade on 
the porcine spleen. Additional bleeding was induced by making three additional equally spaced, side-to-side horizontal 
incisions and three additional equally spaced, side-to-side vertical incisions within the defect. After application of the 
test article, digital tamponade was applied to the incision for 2 minutes. The hemostasis evaluation was then performed. 
Additional applications of digital pressure for 30 second each time were used until complete hemostasis was achieved. 
Table 4 lists the results of the evaluation. 



Table 4 Hemostatic performance of different materials in a splenic cross-hatch model 



Material 


# of Digital Pressure 


Time to Hemostasis 


Surgicel Nu-Knit® 


4 


3 min 55 sec 


Example 5 Patch 


1 


<2 min 



Claims 

1 . A hemostatic wound dressing, comprising: 

a fabric, said fabric comprising a wound-contacting surface and a top surface opposing said wound-contacting 
surface, said fabric comprising fibers and having flexibility, strength and porosity effective for use as a hemostat, 
said fibers comprising a biocompatible polymer; and 

a porous, polymeric matrix applied to said wound-contacting surface and dispersed at least partially through 
said fabric, said porous polymeric matrix comprising a biocompatible, water-soluble or water-swellable polymer. 

2. The wound dressing of claim 1 wherein said fabric is woven or nonwoven. 

3. The wound dressing of claim 1 wherein said fabric is knitted. 

4. The wound dressing of claim 3 wherein said fibers comprise oxidized regenerated cellulose. 

5. The wound dressing of claim 4 wherein said water-soluble or water-swellable polymer is selected from the group 
consisting of polysaccharides, polymethacrylic acid, polyamines, polyimines, polyamides, polyesters, polyethers, 
polynucleotides, polynucleic acids, polypeptides, proteins, poly(alkylene oxides), polythioesters, polythioethers and 
polyvinyls. 
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6. The wound dressing of claim 4 wherein said water-soluble or water-swell able polymer is a polysaccharide. 

7. The wound dressing of claim 6 wherein said polysaccharide is selected from the group consisting of methylcellulose, 
hydroxyalkyl cellulose, cellulose sulfate, water-soluble chitosan, salts of carboxymethyl cellulose, carboxymethyl 

5 cellulose, carboxyethyl cellulose, chitin, carboxymethyl chitin, hyaluronic acid, salts of hyaluronic acid, alginate, 

alginic acid, propylene glycol alginate, glycogen, dextran, dextran sulfate, curdlan, pectin, pullulan, xanthan, chon- 
droitin, chondroitin sulfates, carboxymethyl dextran, carboxymethyl chitosan, heparin, heparin sulfate, heparan , 
heparan sulfate, dermatan sulfate, keratan sulfate, carrageenans, chitosan, starch, amylose, amylopectin, polyman- 
nuronic acid, polyglucuronic acid and polyguluronic acid. 

10 

8. The wound dressing of claim 4 wherein said porous polymeric matrix comprises lyophilized sodium carboxymethyl 
cellulose. 

9. The wound dressing of claim 8 wherein the weight ratio of said lyophilized sodium carboxymethyl cellulose to said 
15 fabric is from about 1 :99 to about 20:80. 

10. The wound dressing of claim 8 wherein the weight ratio of said lyophilized sodium carboxymethyl cellulose to said 
fabric is from about 3:97 to about 10:90. 

20 11. The wound dressing of claim 3 wherein said porous polymeric matrix is dispersed substantially homogeneously 
through said fabric. 

12. The wound dressing of claim 3 wherein said porous polymeric matrix is dispersed through said fabric in a gradient, 
whereby the concentration of the water-soluble or water-swellable polymer adjacent said wound-contacting surface 

25 is greater than the concentration of the water-soluble or water-swellable polymer adjacent said top surface. 

13. A hemostatic fabric, comprising knitted fibers, said fibers comprising a biocompatible polymer; and 

a porous, biocompatible, water-soluble or water-swellable polymeric matrix dispersed at least partially through said 
fabric in amounts effective to provide hemostasis. 

30 

1 4. The fabric of claim 1 3 wherein said fibers comprise oxidized regenerated cellulose and said porous polymeric matrix 
comprises a lyophilized polysaccharide selected from the group consisting of methylcellulose, hydroxyalkyl cellulose, 
cellulose sulfate, water-soluble chitosan, salts of carboxymethyl cellulose, carboxymethyl cellulose, carboxyethyl 
cellulose, chitin, carboxymethyl chitin, hyaluronic acid, salts of hyaluronic acid, alginate, alginic acid, propylene 

35 glycol alginate, glycogen, dextran, dextran sulfate, curdlan, pectin, pullulan, xanthan, chondroitin, chondroitin sul- 

fates, carboxymethyl dextran, carboxymethyl chitosan, heparin, heparin sulfate, heparan , heparan sulfate, dermatan 
sulfate, keratan sulfate, carrageenans, chitosan, starch, amylose, amylopectin, polymannuronic acid, polyglucuronic 
acid and polyguluronic acid. 



40 1 5. The fabric of claim 1 4 wherein said porous polymeric matrix comprises lyophilized sodium carboxymethyl cellulose. 

16. The fabric of claim 15 wherein the weight ratio of said lyophilized sodium carboxymethyl cellulose to said fabric is 
from 1:99 to 20:80. 

45 17. The fabric of claim 15 wherein the weight ratio of said lyophilized sodium carboxymethyl cellulose to said fabric is 
from 3:97 to 10:90. 

18. A process for making a wound dressing: comprising, 

providing a solution having substantially dissolved therein a water-soluble or water-swellable biocompatible polymer, 
50 providing a fabric having a top surface and a bottom surface opposing said top surface, said fabric comprising fibers 

and having flexibility, strength and porosity effective for use as a hemostat, said fibers comprising a biocompatible 
polymer, 

immersing said fabric at least partially in said solution to distribute said solution at least partially through said fabric, 
lyophilizing said fabric having said solution distributed at least partially there through, thereby providing a porous 
55 polymeric matrix comprising said water-soluble or water-swellable polymer dispersed at least partially through said 

fabric. 



1 9. The process of claim 1 8 wherein said fabric is knitted. 
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20. The process of claim 1 9 wherein said fibers comprise oxidized regenerated cellulose. 

21 . The process of claim 20 wherein said porous polymeric matrix comprises apolymer selected from the group consisting 
of polysaccharides, polymethacrylic acids, polyamines, polyimines, polyamides, polyesters, polyethers, polynucle- 
otides, polynucleic acids, polypeptides, proteins, poly (alkylene oxides), polythioesters, polythioethers and polyvinyls. 

22. The process of claim 20 wherein said porous polymeric matrix comprises a polysaccharide selected from the group 
consisting of methycellulose, hydroxyalkyl cellulose, cellulose sulfate, water-soluble chitosan, salts of carboxymethyl 
cellulose, carboxymethyl cellulose, carboxyethyl cellulose, chitin, carboxymethyl chitin, hyaluronic acid, salts of 
hyaluronic acid, alginate, alginic acid, propylene glycol alginate, glycogen, dextran, dextran sulfate, curdlan, pectin, 
pullulan, xanthan, chondroitin, chondroitin sulfates, carboxymethyl dextran, carboxymethyl chitosan, heparin, 
heparin sulfate, heparan , heparan sulfate, dermatan sulfate, keratan sulfate, carrageenans, chitosan, starch, amy- 
lose, amylopectin, polymannuronic acid, polyglucuronic acid and polyguluronic acid. 

23. The process of claim 22 wherein said porous polymeric matrix comprises sodium carboxymethyl cellulose. 

24. The process of claim 23 wherein the weight ratio of said sodium carboxymethyl cellulose to said fabric is from 1 :99 
to 20:80. 

25. The process of claim 23 wherein the weight ratio of said sodium carboxymethyl cellulose to said fabric is from 3:97 
to 10:90. 



Patentanspruche 

1 . Hamostatischer Wundverband, welcher umfaBt: 

einen Stoff, wobei der Stoff eine eine Wunde beruhrende Oberflache und eine Oberseite gegenuberliegend der 
die Wunde beruhrenden Oberflache umfaBt, wobei der Stoff Fasern umfaBt und Flexibility, Festigkeit und 
Porositat aufweist, die effektiv sind zur Verwendung als eine GefaBklemme, wobei die Fasern ein biokompatibles 
Polymer umfassen; und 

eine porose, polymere Matrix aufgetragen auf die die Wunde beruhrende Oberflache und dispergiert wenigstens 
teilweise durch den Stoff, wobei die porose polymere Matrix ein biokompatibles, wasserlosliches oder wasser- 
quellbares Polymer umfaBt. 

2. Wundverband nach Anspruch 1 , wobei der Stoff Webstoff oder Vliesstoff ist. 

3. Wundverband nach Anspruch 1 , wobei der Stoff gestrickt ist. 

4. Wundverband nach Anspruch 3, wobei die Fasern oxidierte regenerierte Cellulose umfassen. 

5. Wundverband nach Anspruch 4, wobei das wasserlosliche oder wasserquellbare Polymer ausgewahlt ist aus der 
Gruppe bestehend aus Polysacchariden, Polymethacrylsaure, Polyaminen, Polyiminen, Polyamiden, Polyestern, 
Polyethern, Polynukleotiden, Polynukleinsauren, Polypeptiden, Proteinen, Poly(alkylenoxiden), Polythioestem, Po- 
lythioethern und Polyvinylen. 

6. Wundverband nach Anspruch 4, wobei das wasserlosliche oder wasserquellbare Polymer ein Polysaccharid ist. 

7. Wundverband nach Anspruch 6, wobei das Polysaccharid ausgewahlt ist aus der Gruppe bestehend aus Methyl- 
cellulose, Hydroxyalkylcellulose, Cellulosesulfat, wasserloslichem Chitosan, Salzen von Carboxymethylcellulose, 
Carboxymethylcellulose, Carboxyethylcellulose, Chitin, Carboxymethylchitin, Hyaluronsaure, Salzen von Hyaluron- 
saure, Alginat, Alginsaure, Propylenglykolalginat, Glykogen, Dextran, Dextransulfat, Curdlan, Pektin, Pullulan, 
Xanthan, Chondroitin, Chondroitinsulfaten, Carboxymethyldextran, Carboxymethylchitosan, Heparin, Heparinsulfat, 
Heparan, Heparansulfat, Dermatansulfat, Keratansulfat, Karrageenanen, Chitosan, Starke, Amylose, Amylopektin, 
Polymannuronsaure, Polyglucuronsaure und Polyguluronsaure. 

8. Wundverband nach Anspruch 4, wobei die porose polymere Matrix lyophilisierte Natriumcarboxymethylcellulose 
umfaBt. 
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9. Wundverband nach Anspruch 8, wobei das Gewichtsverhaltnis der lyophilisierten Natriumcarboxymethylcellulose 
zum Stoff von etwa 1 :99 bis etwa 20:80 ist. 

10. Wundverband nach Anspruch 8, wobei das Gewichtsverhaltnis der lyophilisierten Natriumcarboxymethylcellulose 
5 zum Stoff von etwa 3:97 bis etwa 1 0:90 ist. 

11. Wundverband nach Anspruch 3, wobei die porose polymere Matrix im wesentlichen homogen durch den Stoff 
dispergiert ist. 

to 12. Wundverband nach Anspruch 3, wobei die porose polymere Matrix durch den Stoff in einem Gradienten dispergiert 
ist, wobei die Konzentration des wasserloslichen oder wasserquellbaren Polymers benachbart der die Wunde be- 
ruhrenden Oberflache groGer ist als die Konzentration des wasserloslichen oder wasserquellbaren Polymers be- 
nachbart der Oberseite. 

15 13. Hamostatischer Stoff umfassend gestrickte Fasern, wobei die Fasern ein biokompatibles Polymer umfassen; und 
eine porose, biokompatible, wasserlosliche oder wasserquellbare, polymere Matrix dispergiert wenigstens teilweise 
durch den Stoff in Mengen, die effektiv sind, urn Hamostase bereitzustellen. 

14. Stoff nach Anspruch 1 3, wobei die Fasern oxidierte regenerierte Cellulose umfassen und die porose polymere Matrix 
20 ein lyophilisiertes Polysaccharid umfaGt, das ausgewahlt ist aus der Gruppe bestehend aus Methylcellulose, Hy- 

droxyalkylcellulose, Cellulosesulfat, wasserloslichem Chitosan, Salzen von Carboxymethylcellulose, Carboxyme- 
thylcellulose, Carboxyethylcellulose, Chitin, Carboxymethylchitin, Hyaluronsaure, Salzen von Hyaluronsaure, Algi- 
nat, Alginsaure, Propylenglykolalginat, Glykogen, Dextran, Dextransulfat, Curdlan, Pektin, Pullulan, Xanthan, Chon- 
droitin, Chondroitinsulfaten, Carboxymethyldextran, Carboxymethylchitosan, Heparin, Heparinsulfat, Heparan, He- 
25 paransulfat, Dermatansulfat, Keratansulfat, Karageenanen, Chitosan, Starke, Amylose, Amylopektin, Polyman- 

nuronsaure, Polyglucuronsaure und Polyguluronsaure. 

15. Stoff nach Anspruch 14, wobei die porose polymere Matrix lyophilisierte Natriumcarboxymethylcellulose umfaGt. 

30 1 6. Stoff nach Anspruch 1 5, wobei das Gewichtsverhaltnis der lyophilisierten Natriumcarboxymethylcellulose zum Stoff 
von 1 :99 bis 20:80 ist. 

17. Stoff nach Anspruch 15, wobei das Gewichtsverhaltnis der lyophilisierten Natriumcarboxymethylcellulose zum Stoff 
von 3:97 bis 10:90 ist. 

35 

18. Verfahren zum Herstellen eines Wundverbands: umfassend, 

Bereitstellen einer Losung mit darin im wesentlichen gelost einem wasserloslichen oder wasserquellbaren, biokom- 
patiblen Polymer, 

Bereitstellen eines Stoffes mit einer Oberseite und einer Bodenseite gegenuberliegend der Oberseite, wobei der 
^o stoff Fasern umfaGt und Flexibility, Festigkeit und Porositat aufweist, die effektiv sind zur Verwendung als eine 

GefaGklemme, wobei die Fasern ein biokompatibles Polymer umfassen, 

Eintauchen des Stoffes wenigstens teilweise in die Losung, urn die Losung wenigstens teilweise durch den Stoff zu 
verteilen, 

Lyophilisieren des Stoffs, der die Losung zumindest teilweise durch diesen verteilt aufweist, wodurch eine porose 
45 polymere Matrix bereitgestellt wird, die das wasserlosliche oder wasserquellbare Polymer wenigstens teilweise 

durch den Stoff dispergiert umfaGt. 

19. Verfahren nach Anspruch 18, wobei der Stoff gestrickt ist. 

50 20. Verfahren nach Anspruch 19, wobei die Fasern oxidierte regenerierte Cellulose umfassen. 

21. Verfahren nach Anspruch 20, wobei die porose polymere Matrix ein Polymer umfaGt, das ausgewahlt wird aus der 
Gruppe bestehend aus Polysacchariden, Polymethacrylsauren, Polyaminen, Polyiminen, Polyamiden, Polyestern, 
Polyethern, Polynukleotiden, Polynukleinsauren, Polypeptiden, Proteinen, Poly(alkylenoxiden), Polythioestern, Po- 

55 lythioethern und Polyvinylen. 

22. Verfahren nach Anspruch 20, wobei die porose polymere Matrix ein Polysaccharid umfaGt, das ausgewahlt wird 
aus der Gruppe bestehend aus Methylcellulose, Hydroxyalkylcellulose, Cellulosesulfat, wasserloslichem Chitosan, 
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Salzen von Carboxymethylcellulose, Carboxymethylcellulose, Carboxyethylcellulose, Chitin, Carboxymethylchitin, 
Hyaluronsaure, Salzen von Hyaluronsaure, Alginat, Alginsaure, Propylenglykolalginat, Glykogen, Dextran, Dextran- 
sulfat, Curdlan, Pektin, Pullulan, Xanthan, Chondroitin, Chondroitinsulfaten, Carboxymethyldextran, Carboxyme- 
thylchitosan, Heparin, Heparinsulfat, Heparan, Heparansulfat, Dermatansulfat, Keratansulfat, Karrageenanen, Chi- 
tosan, Starke, Amylose, Amylopektin, Polymannuronsaure, Polyglucuronsaure und Polyguluronsaure. 

23. Verfahren nach Anspruch 22, wobei die porose polymere Matrix Natriumcarboxymethylcellulose umfaGt. 

24. Verfahren nach Anspruch 23, wobei das Gewichtsverhaltnis der Natriumcarboxymethylcellulose zum Stoff von 1: 
99 bis 20:80 ist. 

25. Verfahren nach Anspruch 23, wobei das Gewichtsverhaltnis der Natriumcarboxymethylcellulose zum Stoff von 3: 
97 bis 10:90 ist. 



Revendications 

1. Pansement hemostatique comprenant : 

une toile, ladite toile comprenant une surface en contact avec la plaie et une surface superieure opposee a 
ladite surface en contact avec la plaie, ladite toile comprenant des fibres et ayant une souplesse, une resistance 
et une porosite efficaces pour une utilisation comme hemostat, lesdites fibres comprenant un polymere 
biocompatible ; et 

une matrice polymere poreuse deposee sur ladite surface en contact avec la plaie et dispersee au moins 
partiellement dans ladite toile, ladite matrice polymere poreuse comprenant un polymere biocompatible soluble 
dans I'eau ou gonflant dans I'eau. 

2. Pansement selon la revendication 1 , dans lequel ladite toile est tissee ou non tissee. 

3. Pansement selon la revendication 1 , dans lequel ladite toile est tricotee. 

4. Pansement selon la revendication 3, dans lequel lesdites fibres comprennent de la cellulose regeneree oxydee. 

5. Pansement selon la revendication 4, dans lequel ledit polymere soluble dans I'eau ou gonflant dans I'eau est choisi 
dans le groupe comprenant des polysaccharides, I'acide poly-methacrylique, des polyamines, des polyimines, des 
polyamides, des polyesters, des polyethers, des polynucleotides, des acides polynucleiques, des polypeptides, des 
proteines, des polyoxydes d'alkylenes, des polythioesters, des polythio-ethers et des polyvinyles. 

6. Pansement selon la revendication 4, dans lequel ledit polymere soluble dans I'eau ou gonflant dans I'eau est un 
polysaccharide. 

7. Pansement selon la revendication 6, dans lequel ledit polysaccharide est choisi dans le groupe comprenant la 
methylcellulose, I'hydroxyalkylcellulose, le sulfate de cellulose, le chitosane soluble dans I'eau, des sels de car- 
boxymethylcellulose, la carboxymethylcellulose, la carboxyethylcellulose, lachitine, la carboxymethylchitine, I'acide 
hyaluronique, des sels de I'acide hyaluronique, I'alginate, I'acide alginique, I'alginate de propylene glycol, le glyco- 
gene, le dextrane, le sulfate de dextrane, le curdlane, la pectine, le pullulane, le xanthane, la chondroTtine, les 
sulfates de chondroTtine, le carboxymethyldextrane, le carboxymethylchitosane, I'heparine, le sulfate d'heparine, 
I'heparane, le sulfate d'heparane, le sulfate de dermatane, le sulfate de keratane, des caraghenanes, le chitosane, 
I'amidon, I'amylose, I'amylopectine, I'acide polymannuronique, I'acide polyglucuronique et I'acide polyguluronique. 

8. Pansement selon la revendication 4, dans lequel ladite matrice polymere poreuse comprend de la carboxymethyl- 
cellulose sodique lyophilisee. 

9. Pansement selon la revendication 8, dans lequel le ratio en poids de ladite carboxymethylcellulose sodique lyophi- 
lisee sur ladite toile se situe dans la plage de 1 :99 environ a 20:80 environ. 

10. Pansement selon la revendication 8, dans lequel le ratio en poids de ladite carboxymethylcellulose sodique lyophi- 
lisee sur ladite toile se situe dans la plage de 3:97 environ a 10:90 environ. 
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11. Pansement selon la revendication 3, dans lequel ladite matrice polymere poreuse est dispersee de facon pratique- 
ment homogene dans ladite toile. 

12. Pansement selon la revendication 3, dans lequel ladite matrice polymere poreuse est dispersee dans ladite toile 
selon un gradient tel que la concentration du polymere soluble dans I'eau ou gonflant dans I'eau pres de ladite 
surface en contact avec la plaie est superieure a la concentration du polymere soluble dans I'eau ou gonflant dans 
I'eau pres de ladite surface superieure. 

13. Toile hemostatique comprenant des fibres tricotees, lesdites fibres comprenant un polymere biocompatible ; et 
une matrice polymere biocompatible, poreuse, soluble dans I'eau ou gonflant dans I'eau dispersee au moins par- 
tiellement dans ladite toile en des quantites efficaces pour assurer une hemostase. 

14. Toile selon la revendication 13, dans laquelle lesdites fibres comprennent de la cellulose regeneree oxydee et ladite 
matrice polymere poreuse comprend un polysaccharide lyophilise choisi dans le groupe comprenant la methylcel- 
lulose, rhydroxyalkylcellulose, le sulfate de cellulose, le chitosane soluble dans I'eau, des sels de carboxymethyl- 
cellulose, la carboxymethylcellulose, la carboxyethylcellulose, lachitine, la carboxymethylchitine, I'acide hyaluroni- 
que, des sels de I'acide hyaluronique, I'alginate, I'acide alginique, I'alginate de propylene glycol, le glycogene, le 
dextrane, le sulfate de dextrane, le curdlane, la pectine, le pullulane, le xanthane, la chondroTtine, des sulfates de 
chondroTtine, le carboxymethyldextrane, le carboxymethylchitosane, I'heparine, le sulfate d'heparine, I'heparane, 
le sulfate d'heparane, le sulfate de dermatane, le sulfate de keratane, des caraghenanes, le chitosane, I'amidon, 
I'amylose, I'amylopectine, I'acide polymannuronique, I'acide polyglucuronique et I'acide polyguluronique. 

15. Toile selon la revendication 14, dans laquelle ladite matrice polymere poreuse comprend de la carboxymethylcel- 
lulose sodique lyophilisee. 

16. Toile selon la revendication 15, dans laquelle le ratio en poids de ladite carboxymethylcellulose sodique lyophilisee 
sur ladite toile se situe dans la plage de 1 :99 a 20:80. 

17. Toile selon la revendication 15, dans laquelle le ratio en poids de ladite carboxymethylcellulose sodique lyophilisee 
sur ladite toile se situe dans la plage de 3:97 a 10:90. 

18. Procede de production d'un pansement, comprenant les etapes consistant a : 

fournir une solution dans laquelle un polymere biocompatible soluble dans I'eau ou gonflant dans I'eau est 
pratiquement dissous, 

fournir une toile ayant une surface superieure et une surface inferieure opposee a ladite surface superieure, 
ladite toile comprenant des fibres et ayant une souplesse, une resistance et 

une porosite efficaces pour une utilisation comme hemostat, lesdites fibres comprenant un polymere biocom- 
patible, 

plonger ladite toile au moins partiellement dans ladite solution afin de distribuer ladite solution au moins par- 
tiellement dans ladite toile, 

lyophiliser ladite toile dans laquelle ladite solution est distribute au moins partiellement afin d'obtenir ainsi une 
matrice polymere poreuse comprenant ledit polymere soluble dans I'eau ou gonflant dans I'eau disperse au 
moins partiellement dans ladite toile. 

19. Procede selon la revendication 18, dans lequel ladite toile esttricotee. 

20. Procede selon la revendication 19, dans lequel lesdites fibres comprennent de la cellulose regeneree oxydee. 

21 . Procede selon la revendication 20, dans lequel ladite matrice polymere poreuse comprend un polymere choisi dans 
le groupe comprenant des polysaccharides, des acides polymethacryliques, des polyamines, des polyimines, des 
polyamides, des polyesters, des polyethers, des polynucleotides, des acides polynucleiques, des polypeptides, des 
proteines, des polyoxydes d'alkylenes, des polythioesters, des polythioethers et des polyvinyles. 

22. Procede selon la revendication 20, dans lequel ladite matrice polymere poreuse comprend un polysaccharide choisi 
dans le groupe comprenant la methylcellulose, rhydroxyalkylcellulose, le sulfate de cellulose, le chitosane soluble 
dans I'eau, des sels de carboxymethylcellulose, la carboxymethylcellulose, la carboxyethylcellulose, la chitine, la 
carboxymethylchitine, I'acide hyaluronique, des sels de I'acide hyaluronique, I'alginate, I'acide alginique, I'alginate 
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de propylene glycol, leglycogene, ledextrane, le sulfate dedextrane, lecurdlane, lapectine, lepullulane, lexanthane, 
la chondroTtine, des sulfates de chondroTtine, le carboxymethyldextrane, le carboxymethylchitosane, I'heparine, le 
sulfate d'heparine, I'heparane, le sulfate d'heparane, le sulfate de dermatane, le sulfate de keratane, des caraghe- 
nanes, le chitosane, ramidon, I'amylose, ramylopectine, I'acide polymannuronique, I'acide polyglucuronique et I'aci- 
de polyguluronique. 

23. Procede selon la revendication 22, dans lequel ladite matrice polymere poreuse comprend de la carboxymethylcel- 
lulose sodique. 

24. Procede selon la revendication 23, dans lequel le ratio en poids de ladite carboxymethylcellulose sodique sur ladite 
toile se situe dans la plage de 1 :99 a 20:80. 

25. Procede selon la revendication 23, dans lequel le ratio en poids de ladite carboxymethylcellulose sodique sur ladite 
toile se situe dans la plage de 3:97 a 1 0:90. 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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FIG. 6 
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FIG. 8 
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FIG. 9 
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